The electrochemical method described herein gave a novel and facile route for the synthesis of octahedral neutral nickel(II) complexes containing two thiolate ligands or having two thiolate ligands and other neutral donors such as pyridine, 2,2'-bipyridine or 1,10-phenanthroline. Although the com pound [Ni(pymt)2] has been prepared by an other method, and has been attributed an octa hedral polymeric structure on the basis of m agnet ic and spectroscopic data [11] , the other com pounds reported in this paper, as far as we know, have not been synthesized before, and we accord ingly determined the structure of one such com plex in order to establish the facultative properties of the thiolate ligands.
Introduction
The synthesis and study o f metal complexes of heterocyclic thione donors has received increasing attention, largely because o f their wide ranging ap plications [1] . Owing to their im portant biological role, particular attention has been paid to metalcontaining com pounds of the tautom eric ligand pyrimidine-2-thione, which is present in soluble ri bonucleic acid [2] [3] [4] , The ligand pyrimidine-2-thione is also of interest because of its ability to coordinate to metal ions in both thiolate [5] and thione [6, 7] forms (see Figure) , and its potentially am bidentate nature, acting as a m onodentate [8] 
The experimental conditions are set out in Table I .
Physical measuremen ts
Elemental analyses were carried out in a PerkinElmer 240 B microanalyser. The analytical data are given in Table II . Infrared spectra were record ed from KBr discs on a Perkin-Elmer 180 spectro photometer. Electronic spectra in the solid state and in solution were obtained on Beckman DK-2 and Uvikon 810 P spectrophotometers, respective ly.
Structure determination
A crystal of [Ni(pymt)2(bipy)] • H 20 of 0.45x0.40x0.15 mm was selected to collect inten sities at room temperature using an autom ated four-circle diffractometer [13] with graphite-monochrom ated M oK a radiation ( / = 0.71073 A). The cell constants were determined from setting angles of 25 reflections (Table III) . The systematic absences observed suggested the space group to be P 2 ,/c. With co/6 scan mode 3823 reflections were collected in the range of 0 = 3 -253. Corrections for Lorentz and polarization effects and an empiri cal absorption correction [14] were applied. From 3245 symmetry-independent reflections (R mt = 0.018), 2377 with I > 3 ■ a(I) were considered as ob served and used for refinement. The structure was solved by Patterson and Fourier methods [15] . Hy drogen atom positions were calculated and not in cluded in refinement (water hydrogen atom s not located).
In the last refinement all atom s (non hy drogen) were assigned anisotropic tem perature p a rameters. Final refinement converged at R = 0.054, Rw = 0.053 for 254 variables. Positional and therm al parameters are given in Table IV The com pounds obtained were characterized by IR and electronic spectroscopy, and, in the case of 2,2'-bipyridine-bis(pyrimidine-2-thiolato)-nickel(II) m onohydrate, by X-ray diffraction.
Structure o f [ N i(p y m t) 2bipy] • H 20
The structure o f 2,2'-bipyridine-bis(pyrimidine-2-thiolato)nickel(II) monohydrate consists of dis crete molecules in which the nickel atom is coordi nated to one bidentate bipyridine ligand and to two pyrim idine-2-thiolato ligands which act as chelat ing ligands through one of the two nitrogen atoms and the exocyclic sulphur atom to form four-membered chelate rings. The arrangement of the pyrimidine-2-thiolato ligands is such that the sulphur atom s are trans to each other (Fig. 1) .
The coordination geometry around the nickel atom is a highly distorted octahedron, with N ( l) -N i-N (2 ) and S -N i -N chelate angles o f ca. 79 and 68°, respectively (Table V) ( 1 ) -N i -N(4) 94.9(2) S (2)-N i-N( 1)  95.8(1)  S ( 2 ) -N i-N ( 2 ) 103.2(1)  S ( 2 ) -N i -■N(3)  93.1(1)  S ( 2 ) -N i-N ( 4 )  68.6(2)  N ( l ) -N i --N (2 ) 78.7(2)  N ( l ) -N i -N ( 3 ) 170.0(2)  N( 1)-N i--N (4 ) 94.0(3)  N ( 2 ) -N i-N ( 3 ) 94.8(2)  N (2 )-N i--N (4 ) 168.6(2)  N (3 )~N i -N(4) 93.6(3) and N(2) -Ni -N(4) angles are respectively 170.0 and 168.6 instead of 180 '.
The bipyridine ligand and pyrimidine rings are essentially planar with the sulphur atom s lying ap proximately on the plane o f the pyrimidine ring to which they are bonded.
The average Ni -N hi bond length in the com plex is 207.5(4) pm which is close to those reported for c/s-bis(2,2'-bipyridine)-bis(benzenethiolato)-nickel(II) [16] and 2,2'-bipyridine-bis(pyridine-2-thiolato)nickel(II) [17] . The mean Ni-N^,.,,,, dis tance of 203.8(5) pm is very similar to that found in the /ra-pyrim idine-2-thiolato complex In the pyrimidine-2-thiolate ligands, the average S -C bond length of 173.9(8) pm is longer than in free pyridine-2-thione, whose S -C distance of 168 pm has been considered as due to some double bond character resulting from the contribution of the thione form [21] . In addition, the average N -C bond distance is 134.4(5) pm suggesting an N -C bond order of ca. 1.5. These facts imply that the li gands are bound as thiolates with very little contri bution from the thione form [22] ,
Vibrational spectra
The IR spectra show that the v(NH) of free pyrimidine-2-thione at 2950 cirT1 [23] is absent in the metal complexes, thus confirming that it is the deprotonated thiolato form of the ligand that is pres ent in these complexes [18] . The shifts observed in the ring stretching, C -H in-plane deform ation and ring breathing bands are very similar in all complexes, suggesting that the coordination of the pyrimidine-2-thiolato ligand must be similar in all these compounds. The mixed ligand complexes also exhibit IR absorption related to the co-ligands. The pyridine ring deform ation bands at ca. 625 and 420 cm -1 are shifted 15-30 cm -1 to higher frequencies in the complex as the result of the pyridine nitrogen being bound to the metal [24] , and the bands at ca. 1510, 850 and 725 cm 1 in the 1,10-phenanthroline complex and at 775 and 730 cm "1 in the 2,2'-bipyridine complex likewise confirm the coordination of these ligands to nickel [25] .
Electronic spectra
The solid state spectrum (Table VI) shows band at ca. 9200 cm -1 (v,) and 16 500 cm 1 (v2), with a shoulder at ca. 10 500 cm -1. These bands are well within the accepted range for hexa-coordinated octahedral complexes of nickel(II) [26] and can be assigned to the transition 3A2t,->3T2jf(F) (v,) and 3A-,"-*3A| (F) (v2), respectively. The third expect ed ligand field band is presumably hidden under the strong charge-transfer band observed in the 25000-32000 cm -1 region. The shoulder at ca. 10500 cm "1 may be attributed to the v, band being split as a consequence of the distortion of perfect octahedral symmetry, which is also reflected in the large value of the extinction coefficient. The X-ray data confirm the geometry for [Ni(pymt)2bipy], and the other complexes should also have highly distorted octahedral geometries. The complex [Ni(pymt)2] is thus tentatively attributed a hexacoordinated polymeric structure.
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